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然有许多 TREM2 的配体陆续被报道，但目前关于内源性 TREM2 配体的鉴定及
其生理学功能的研究仍然知之甚少。 
在本研究中，我们首先构建了羧基端带有 Fc标签的可溶性胞外段的 TREM2
（Soluble TREM2-Fc, sTREM2-Fc）质粒，将其转染到人胚肾 293T（Human 
embryonic kidney 293T，HEK 293T）细胞中，并在转染后的条件培养基中纯化出
相应的 sTREM2-Fc 蛋白。然后采用了蛋白固相结合、免疫共沉淀和免疫荧光共
定位的方法首次鉴定出 β淀粉样蛋白（Amyloid-β, Aβ）是 TREM2的一种新型配
体。随后我们又发现一系列 TREM2与疾病相关的突变，包括两个与 AD相关的
突变（R47H 和 R62H）和两个与 NHD 相关的突变（Y38C 和 T66M）均能减弱
其与 Aβ的结合能力。此外，我们还发现 TREM2 31-91氨基酸区域，尤其是该区
域内的碱性氨基酸对Aβ的结合发挥至关重要的作用。最后，我们分别用Transwell
和细胞划痕（Cell scratch test）的实验方法证明了 Aβ 寡聚体和 Aβ 纤维依赖于
TREM2受体的存在而促进小胶质细胞的迁移。 
Aβ 构成的淀粉样斑块沉积是 AD 的重要病理学特征，而 TREM2 编码区的
突变则显著增加 AD 的发生风险。本研究首次发现 Aβ 作为 TREM2 的新型配体
能够与 TREM2 的胞外结构域相互结合，并揭示了 TREM2 与疾病相关的突变能




















Triggering receptor expressed on myeloid cells 2 (TREM2) is an innate immune receptor 
selectively expressed by microglia in the brain. The coding variants of TREM2 have been 
reported to increase the risk for Alzheimer’s disease (AD), Nasu-Hakola disease (NHD) and 
other neurodegenerative diseases. While many TREM2 ligands have been proposed, the 
identification of bona fide endogenous TREM2 ligands and the exploration of their 
physiological roles remain elusive. 
Firstly, we created a soluble TREM2-Fc (sTREM2-Fc) construct that consists of the 
extracellular domain of TREM2 spanning the N-terminal amino acids 1-171 fused to the Fc 
region of human IgG. The fusion protein was purified from the conditioned medium of 
transfected isogenic human embryonic kidney 293T cells (HEK 293T). We report Aβ as a 
novel ligand for TREM2 by using solid phase binding, immunoprecipitation and 
immunofluorescence co-localization assays. The disease-associated mutations of TREM2, 
including AD-associated mutations (R47H and R62H) and NHD-associated mutations (Y38C 
and T66M), reduced its binding affinity to Aβ. Using a series of deletion and mutation 
constructs, we further identified residues 31-91 of TREM2, in particular the positively 
charged amino acids within this region, are crucial for its interaction with Aβ. Finally, we 
have demonstrated that Aβ promote microglia motility likely in a manner that depends on the 
function of TREM2 receptor by using transwell migration assay and scratch wound healing 
assay. 
It is generally believed that β-amyloid (Aβ) is crucially involved in pathogenesis of 
Alzheimer’s disease (AD), and the rare mutations of TREM2 are found that increase the risk 
of AD. Here we first show that Aβ as a novel ligand to bind extracellular domain of TREM2 
and reveal that AD-associated variants impair the binding to Aβ. Importantly, we further 
observe that Aβ-induced migration of microglia is dependent of TREM2. Our study suggest a 
novel pathway in which two AD risk factors are able to interact and modulate microglial 
migration that might contribute to the pathogenesis of AD. 
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英文缩写 英文全名 中文名称 
AA                                              Amino acids 氨基酸 
AD Alzheimer’s Disease 阿尔兹海默症 
ADAM A disintegrin and metalloproteinase 解聚素金属蛋白酶 
ADDLs Aβ-derived diffusible ligands Aβ衍生的可扩散性配体 
ApoE Apolipoprotein E 载脂蛋白 E 
APP Amyloid precursor protein 淀粉样前体蛋白 
Aβ Amyloid-beta  β-淀粉样蛋白 
AICD APP intracellular domain  淀粉样前体蛋白胞内域 
BACE1 β-site APP cleaving enzyme 1 β位点 APP切割酶 1 
BSA Bovine serum albumin 牛血清蛋白 
cDNA Complementary DNA 互补 DNA 
CNS                                    Central nervous system 中枢神经系统 
CSF                                             Cerebrospinal fluid 脑脊液 
DAP12                DNAX activating protein of 12 kDa 酪氨酸激酶结合蛋白 
DMSO Dimethyl sulfoxide 二甲亚砜 
EOAD                                Early-onset AD  早发型阿尔兹海默症 
FAD                                      Familial AD 家族性阿尔兹海默症 
FTD Frontotemporal dementia 额颞叶痴呆 
GWAS                       Genome-wide association study 全基因组关联分析 
HDL                                  High-density lipoproteins 高密度脂蛋白 
Ig                                            Immunoglobulin 免疫球蛋白 




LDL                                  Low-density lipoproteins 低密度脂蛋白 
LDLR                                            LDL receptor LDL受体 
LOAD                                  Late-onset AD 晚发型阿尔兹海默症 
















LRP1                               LDLR-related protein 1 LDLR相关蛋白 1 
MAP Microtubule-associated protein 微管相关蛋白 
MAPT            microtubule-associated protein tau gene 微管相关蛋白 Tau基因 
NFTs                                  Neurofibrillary tangles 神经纤维缠结 
NHD Nasu-Hakola disease 纳苏-科罗症 
NMDA                             N-methyl-D-aspartate N-甲基-D-天冬氨酸 
PD                                         Parkinson’s disease 帕金森疾病 
PBS                                       Phosphate buffer solution 磷酸盐缓冲液 
PHF Paired helical filaments 双螺旋丝 
PS1                                                 Presenilin 1 早老素 1 
PS2                                             Presenilin 2 早老素 2 
ROS Reactive oxygen species 活性氧 
SAD                                     Sporadic AD 散发性阿尔兹海默症 
sAPP                                      Soluble APP 可溶性的 APP 
SPs                                              Senile plaques 淀粉样斑 
Syk                                   Spleen tyrosine kinase 脾酪氨酸激酶 
Tau                               Tubulin-associated unit   微管蛋白相关单元 
TREM2   Triggering receptor expressed on myeloid 
2 
髓细胞触发受体 2 
VLDL                         Very low-density lipoproteins   极低密度脂蛋白 
























据统计大概有 10%的 65岁以上人群和 50%的 85岁以上人群罹患 AD[4]。当今全
球已超过 4 600万人患有痴呆，预计在 2050年，这一数字将会增加到 13 150万
[5]。中国已经成为 AD病人最多的国家，目前国内 AD患者的数量约 800万，并
且随着人口老龄化的不断加剧，每年都以 30 万新发病例的速度递增。AD 给病
人及其家人带来了严重的精神压力和经济负担，同时也给社会造成了巨大的经济
负担。截止到 2015年，全球在痴呆类疾病的研究和治疗等方面共花费了近 8 180









（Amyloid plaques）沉积和神经元胞体内神经纤维缠结（Neurofibrillary tangels, 
NFTs）[7-12]。  
AD病人根据发病年龄可以分为早发型 AD（Early-onset AD, EOAD）和晚发
型 AD（Late-onset AD, LOAD）。早发型 AD 患者的发病年龄一般在 65岁之前，
约占 AD 总人数的 5%左右，该类型的 AD 主要由遗传因素决定，具有家族遗传
















早老素 1（Presenilin 1, PS1）和早老素 2（Presenilin 2, PS2）这三个基因相关的
突变所导致[13-16]。大多数早发型 AD基因突变的共同特征都与 β淀粉样斑蛋白的
产生直接相关。晚发性 AD又称散发性 AD（Sporadic AD, SAD），占 AD病人的
绝大多数，一般发病年龄较晚，其主要由年龄、环境、生活习惯及基因等多种因
素决定。其中载脂蛋白 E（Apolipoprotein E, apoE）的 ε4等位基因是目前报道的
与晚发型 AD 最为相关的危险基因 [1,17,18]。最近的全基因组关联研究
（Genome-wide association studies, GWASs）发现 2 型髓系细胞触发受体
（Triggering receptor expressed on myeloid cells 2, TREM2）上罕见的精氨酸-47-
组氨酸（R47H）突变与晚发型 AD存在着很强的关联性[19,20]。 
1.1.2 阿尔兹海默症的病理学特征 
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